Background: Dust storm is a meteorological phenomenon and dust particles have been suspected as harmful to heart and lungs. The aim of this study was to investigate the association between coarse particles and emergency hospital admissions for cardiovascular diseases (CVD) in Hong Kong.
dust storm is a meteorological phenomenon that arises when a gust front blows loose sand and dust from the surface of an arid or semi-arid landscape. Soil particles are mass-transported by saltation and suspension, causing erosion from 1 place and deposition in another. 1 The deserts of northern China are widely considered to be a major source of Asian dust storms, 2 and dust storms originating from these regions have a far-reaching effect that has been reported not only within China, 3 but also in neighbouring countries such as Japan and Korea. 4, 5 Under certain weather conditions, wind-blown dust has travelled south towards Taiwan, 6 and with a prevailing easterly wind, such dust clouds can subsequently reach Hong Kong. 7 Occasionally, dust storms may even travel across the Pacific Ocean to North America. 8 Dust particles vary greatly in size. PM10, defined as particulate matter with an aerodynamic diameter <10 μm, is usually monitored routinely. The larger fraction of PM10 are known as coarse particles, defined as PM ranging between 2.5 and 10 μm in aerodynamic diameter, and commonly denoted as PM10-2.5. Fine particles (PM2.5), with an aerodynamic diameter <2.5 μm, are considered to be much more harmful to health. PM2.5, which can penetrate deep into the lung, 9 has frequently been the focus of air pollution and health studies. 10, 11 Smaller still are the ultrafine particles (PM0.1), with an aerodynamic diameter <0.1 μm, that can penetrate into alveoli and the systemic circulation. 9 In a dust storm, the predominant fraction tends to consist of coarse particles, 12 or the coarse fraction of PM10 (expressed as PM10-2.5). The adverse effects of coarse particles on morbidity and mortality have been documented in several time series studies. [13] [14] [15] Besides lowering visibility, 16 dust storms can produce harmful effects on respiratory and cardiovascular health, as has been shown in several Asian studies. [17] [18] [19] The association between dust storm and emergency room visit because of cardiovascular diseases (CVD) has not been studied in Hong Kong, a subtropical metropolis in southern China. The aim of this study was to determine whether the risk of emergency hospital admissions for CVD would be increased during and after dust storm episodes when coarse particles are predominant in PM10. We hypothesised that the mean number of hospital admissions for CVD is higher during dust storms compared with that in the absence of dust storms, and that coarse particles are linked to these events.
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Methods
Admissions Data
Data on emergency hospital admissions for CVD, recorded from January 1998 to December 2002, were obtained from the Hospital Authority (HA), a Hong Kong public institution that provides more than 90% of all the hospital beds in the city. The daily number of emergency hospital admissions for all CVD (ICD-9: 390.0-459.9), ischemic heart disease (IHD) (ICD-9: 410.0-414.9), heart failure (HF; ICD-9: 428.0-428.9), and cerebrovascular disease (also referred to here as 'cerebrovascular accident' or 'CVA') (ICD-9: 430.0-438.9) were extracted for analysis. 20
Pollution and Meteorological Data
Hourly concentrations of nitrogen dioxide (NO2), sulfur dioxide (SO2), ozone (O3), PM10 and PM2.5, recorded between January 1998 and December 2002, were obtained from the Environmental Protection Department (EPD). The EPD has 11 general air quality monitoring stations, located in different districts throughout Hong Kong. All these monitoring stations measured levels of the 4 'criteria air pollutants': NO2, SO2, O3, and PM10. However, as PM2.5 was not classified as a 'criteria air pollutant', it was measured in only 3 stations. SO2 was measured by ultraviolet florescence, NO2 by chemiluminescence, and O3 by ultraviolet absorption. Both PM10 and PM2.5 were measured using the tapered element oscillating microbalance method. The 24-h mean concentrations of NO2, SO2, PM10, and PM2.5 were calculated. Because the formation of O3 is dependent on sunlight, a daytime 8-h mean concentration (taken from 09:00 to 17:00 h) was used for analysis. Daily averages of each pollutant were computed by averaging the mean concentrations from 10 of the 11 general air quality monitoring stations. (Data from the air monitoring station in the remote island of Tap Mun, where the readings reflect background air pollutant levels, were excluded from the analysis.) The mean daily temperatures and relative humidity for the same period were obtained from the Hong Kong Observatory.
Dust Storm Episodes
We defined a 'dust storm episode' as a period when the following 4 conditions were met: 21, 22 1. The Air Pollution Index (API) exceeded 100 (indicating 'very high' pollution levels). (When any 1 of the 4 'criteria air pollutants' reaches its respective short-term Hong Kong Air Quality Objective (8-h mean concentration for O3, and 24-h mean for the other 3 pollutants), the API was arbitrarily defined as 100.) 2. The ratio of PM2.5 to PM10 (by weight per unit volume) was less than 0.4. (According to unpublished data from the EPD of Hong Kong, the ratio of PM2.5 to PM10 (by weight per unit volume) in Hong Kong during non-dust storm days is approximately 0.7.) 3. The wind profile was predominantly easterly. (Southern China, including Hong Kong, is shielded from sandstorms blown directly from the north by tall mountain ranges in Central China. It is only affected when easterly winds bring the sandstorm from the sea.) 4. The concentrations of dust storm tracer elements (eg, aluminum) were at least 3-fold higher during the dust storm episodes than the annual averages. According to data from the EPD, 3 separate dust storm episodes, which affected Hong Kong on a total of 5 days, were identified between January 1998 and December 2002. These 5 days, which will be labeled as 'dust storm days' hereafter,
Statistical Analysis
Descriptive statistics were computed for daily numbers of hospital admissions, pollutant concentrations, and meteorological variables, sorted by dust storm days and non-dust storm days within the 5-year study period. To eliminate the seasonal effect, descriptive statistics were also computed for only the non-dust storm days in March and April within the study period. An independent samples t-test was used to examine the difference between dust storm and non-dust storm days.
As dust storm days were rare events, a Poisson regression model was used to examine the effect of the coarse fraction of particulates, PM10-2.5 on hospital admissions. The daily concentrations of the coarse fraction were calculated by subtracting the daily average concentration of PM2.5 from the daily average concentration of PM10 (ie, PM10-2.5 = PM10 − PM2.5). Daily mean temperature, humidity, NO2, SO2, O3 and PM2.5 concentrations were included in the model for adjustment. For each dust storm day, 4 non-dust storm days were chosen as "controls" for comparison. The 4 control non-dust storm days selected were: 7 days before and 7 days after the dust storm day; and 14 days before and after the dust storm day. Because the effects of a dust storm might be delayed, besides examining the effect on emergency hospital admissions on the same day, effects up to 2 days later (lag 1 and lag 2 days) were also examined. The relative risks of hospital admissions for CVD for changes in daily PM10-2.5 concentrations were computed. All the analyses were performed using R. 23 
Results
There were a total of 276,003 emergency hospital admissions for CVD. Among them, 55,807 admissions (20.2%) were for IHD, 53,765 admissions (19.5%) were for HF, and 80,931 admissions (29.3%) were for CVA. Table 1 shows the means and standard deviations of daily hospital admissions, pollutant concentrations and meteorological variables by dust storm and non-dust storm days. Compared with all non-dust storm days in the 5-year period, the mean daily hospital admissions for 'any CVD', IHD and HF were all higher on dust storm days, but only the daily admissions for IHD was statistically significant. The mean concentrations of NO2, O3, PM10, PM2.5 and PM10-2.5 were all significantly higher on dust storm days.
When the comparison was limited to non-dust storm days in March and April during the study period, the mean daily hospital admissions for 'any CVD', IHD, and HF on dust storm days were also higher than non-dust storm days in March and April, but the difference was statistically significant only with hospital admissions for IHD. The mean concentrations of NO2, O3, PM10, PM2.5 and PM10-2.5 were significantly higher on dust storm days, but humidity was significantly lower. For PM10-2.5, the mean concentration on dust storm days (74.4 μg/m 3 ) was 4.1-fold more than on non-dust storm days in March and April (18.1 μg/m 3 ), and approximately 3.3-fold when compared with the control non-dust storm days (22.7 μg/m 3 ).
Figure shows scatter plots of hospital admissions for the 4 types of CVD against PM10-2.5 concentrations. There is a discernable upward trend for admissions for IHD with increasing pollutant concentrations, but no clear pattern for the other 3 health outcomes: any CVD, HF and CVA. Table 2 shows the adjusted relative risks of hospital admissions for different CVD. The RRs for PM10-2.5 on hospital admissions for IHD Dust Storm Effect on CVD Admissions from lag day 0 to lag day 2 were all greater than 1; a marginally significant RR was observed on lag day 0 with (RR=1.04; 95% confidence interval: 1.00-1.08; P=0.0534) after adjusting for NO2 (RR=0.98; P=0.648), SO2 (RR=1.08; P=0.182), O3 (RR=1.04; P=0.1284), PM2.5 (RR=0.97; P=0.4655), temperature and humidity. For 'any CVD', HF and CVA, no significant RR was observed. 
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Discussion
Dust storms have been reported in ancient literature 24, 25 and have long been suspected of producing adverse effects on health. 26 This study examined whether dust storms affected emergency hospital admissions for CVD in Hong Kong. We observed a marginally significant increase in emergency hospital admissions for IHD on dust storm days. Although fine particles usually dominate the airborne particulates count on normal days, the predominant particulates during dust storms tend to be the coarse fraction. 12 Dust storms thus provide good opportunities for us to examine the effect of coarse particles on cardiovascular health.
Most studies of air pollution and health focus on fine particulates of transport-related origin, which are frequently shown to have statistically significant relationships with cardiovascular problems such as IHD, HF, and arrhythmia. 9 Their small size implies deep penetration into the lung parenchyma. Furthermore, their complex chemical composition, which may include a surface of toxic metals and polycyclic aromatic hydrocarbons, has been incriminated in the pathogenesis of several respiratory and CVD. 27-29 The complex biological mechanisms are not yet conclusively determined, but current evidence suggests that PM causes an inflammatory response that can be either systemic or primarily in the lungs. Particulates can also affect the autonomic control of cardiac activities. 29 Specifically, cytokines produced from inflammatory changes in the lungs, changes in the coagulation properties of blood, and damage to the endothelium of blood vessels have all been postulated as pathophysiological mechanisms for the effects of particulates on heart disease and stroke. [30] [31] [32] Coarse particles, which are mostly composed of crustal elements, are considered to be less toxic than the fine particles from exhaust fumes. Nevertheless, it has been shown that coarse particles have a greater effect on hospital admissions for cardiorespiratory diseases than fine particles. 13 A systematic review has confirmed that coarse particles exert toxic effects in laboratory experiments and such effects were at least as potent as those observed in experiments using fine particles. 33 Becker et al found that the pro-inflammatory response in alveolar macrophages was driven by materials present in the coarse fraction. 34 Cultures of bronchial epithelial cells responded to the coarse fraction with higher levels of several markers of inflammation than was induced by fine or ultrafine PM. These epithelial cells also showed evidence of oxidative stress in response to coarse particle exposure, as well as to other size fractions of PM. The generation of oxidative stress could increase the permeability of lung epithelium, which would allow the passage of particles, particle-loaded macrophages, and diffusible molecules (produced in the lungs in response to the inhaled particles) through interstitium and then into the circulation. 35 Although many experimental studies have shown the adverse effects of coarse particles on health, 36,37 limited epidemiological studies are available in the literature. 13-15, 38 Studies of dust storms have focused on their adverse effects on health. 17-19,39,40 A significant association between Asian dust storms and hospital admissions for primary intracerebral hemorrhagic stroke has been reported in Taipei. 18 Positive but insignificant associations between dust storms and hospital admissions for CVD were reported in Taiwan 39 and Cyprus. 40 CVD are an important cause of morbidity and mortality. 41,42 Our study shows a marginally significant positive effect of coarse particles during dust storms on the risk of hospital admissions for IHD, after adjusting for the effects of PM2.5 and other pollutants. The concentrations of PM2.5 on the dust storm days were approximately 70% higher than on ordinary days; this was a modest increase compared with that of PM10-2.5, the concentrations of which on dust storm days were 4-fold higher than usual. Particulates on dust storm days mostly comprised crustal elements, instead of elemental carbon, which is the predominant element of PM on other days. Hence, the effects of PM on dust storm days may well be different from that on ordinary days. We found a positive marginally significant association between IHD and coarse particles on dust storm days, in contrast to reports of significant associations between coarse particulates and the risk of CVD. 13 The RRs for IHD, 'any Table 1 . Dust Storm Effect on CVD Admissions CVD' and HF were all above unity. The lack of statistical significance is probably related to the small number of dust storms days encountered, which limits the power of our study.
One advantage of studies of dust storms is that the high wind speed during such storms diminishes the proportion of PM2.5 in PM10 (normally at approximately 70% in Hong Kong) and the concentrations of all other combustion-related gaseous pollutants. However, the concentration of PM2.5 was still significantly higher on dust storm days compared with non-dust storm days, making it necessary to adjust for its effects. Our results suggest that coarse particles might also play a part in CVD. The marginally significant association between coarse particulates and hospital admissions for IHD could be related to a type II error. Studies from other Asian countries 17-19,39 also provide supporting evidence of our hypothesis of an association between dust storm events and adverse effect on health. A time series study on the effect of coarse particles on CVD might help clarify the relationship.
Conclusions
This study has demonstrated a marginally significant increase in emergency hospital admissions for IHD during dust storm events in Hong Kong. The hypothesis that coarse particles exert adverse effects on cardiac health remains to be confirmed.
